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ABSTRACT 



All exhaust gas purification system for an engine equipped 
with a turbocharger and an exhaiLSt pipe having a NO^. 
conversion catalyst therein. ITie system comprises a reser- 
voir for storing pressurized air received from the 
turbocharger, a reductant injector in fluid communication 
with a reductant supply, and a mixing chamber in fluid 
communication with the reservoir and connected to the 
reductant injector. The reductant injector is responsive to an 
injection signal for atomizing and injecting a quantity of 
reductant into the mixing chamber. The mixing chamber is 
in fluid communication with the exhaust pipe for introducing 
a quantity of air and reductant mixture into the exhaust gas 
flow upstream of the NO^. conversion catalyst. In one aspect 
of the invention, the system includes an engine control unit, 
a valve connected between the reservoir and the mixing 
chamber, and a differential pressure transducer positioned 
between the mixing chamber and the exhaust pipe for 
measuring the pressure differential across the mixing cham- 
ber and exhaust pipe upstream of the NO^. conversion 
catalyst. The engine control unit controls the valve to 
introduce a quantity of pressurized air from the reservoir 
into the mixing chamber to maintain the pressure differential 
between the mixing chamber and exhaust pipe substantially 
constant. 

15 Claims, 1 Drawing Sheet 
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EXHAUST GAS PURIFICATION SYSTEM 
FOR A LEAN BURN ENGINE 

FIELD OF THE INVEmiON 

^Fhc present invention relates generally to exhaust systems 
for engines and, more particularly, to an exhaust after- 
treatment system for a low emission, lean-burn internal 
combustion engine. 

BACKGROUND OF THE INVENTION 

Catalysis arc generally used as a means for removing 
pollutants such a HC, CO and NO,, from the exhaust gas of 
internal combustion engines. The ability of a catalyst to 
remove NO,, in the exhaust gas falls rapidly, however, when 15 
the air-fuel ratio of the exhaust gas becomes leaner. Ixan 
burn engines such as diesel engines, operate at overall 
air-fuel ratios leaner than stoichiometry. As a result, they 
have improved fuel economy. On the other hand, conven- 
tional three-way catalysts do not function properly at such 20 
lean air-fuel ratios because of the relatively high concentra- 
tion of oxygen in the exhaust gas. For this reason, such 
engines are typically equipped with a lean NO,, catalyst 
(LNC) and/or a selective catalytic reduction (SCR) catalyst. 

LNC and SCR catalyst can chemically reduce NO,, into ■^^ 
the components of CO^, H2O, and N2 by utilizing hydro- 
carbons in the exhaust gas stream. To increase the NO,, 
conversion efficiency of such exhaust gas after-treatment 
systems, injectors are u.sed to inject reduciants such as 
gasoline, diesel fuel or urea into the exhaust gas upstream of ~^ 
the catalyst. 

'Hie quantity of reduclant injected is very small, and must 
be fmely atom i zed prior to introduction in the exhaust gas 
flow upstream of the LNC or SRC. Conventional reductant 
injection systems utihze an air assisted injector in connec- 
tion with a series of electrically or mechanically driven air 
and reductant pumps to introduce the air/reductant into the 
exhaust stream. Such systems have the obvious drawback of 
additional cost, noise and weight associated with the scpa- 
rate dedicated electrical or mechanical air and reductant 
pump system. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide an 45 
improved exhaust gas purification system, ^fhe foregoing 
and other objects and advantages are achieved through the 
provision of an exhaust gas purification system for an engine 
equipped with a turbocharger and an exhau.st pipe having a 
NO,, conversion catalyst therein. The system comprises a 50 
reservoir for storing pressurized air received from the 
turbocharger, a reductant injector in fluid communication 
with a reductant supply, and a mixing chamber in lluid 
communication with the re.servoir and connected to the 
reductant injector. The reductant injector is responsive to an 55 
injection signal for atomizing and injecting a quantity of 
reductant into the mixing chamber. The mixing chamber is 
in fluid communication with the exhaust pipe for introducing 
a quantity of air and reductant mixture into the exhaust gas 
flow upstream of the NO,, conversion catalyst. In one aspect 60 
of the invention, the system includes an engine control unit, 
a valve connected between the reservoir and the mixing 
chamber, and a differential pressure transducer positioned 
between the mixing chamber and the exhaust pipe for 
measuring the pressure diflerential across the mixing cham- 65 
ber and exhaust pipe upstream of the NO,, conversion 
catalyst. The engine control unit controls the valve to 



introduce a quantity of pressurized air from the reservoir 
into the mixing chamber to maintain the pres.sure dift^^rential 
between the mixing chamber and exhaust pipe substantially 
constant. 

One advantage of the present invention is that it elimi- 
nates the cost, weight, and durability concerns associated 
with a separate dedicated electrically or mechanically driven 
air pump. Other features and advantages of the invention 
will become apparent upon reading the following detailed 
description and appended claims, and upon reference to the 
accompanying drawings. 

HRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of this invention, 
reference should now be made to the embodiments illus- 
trated in greater detail in the accompanying drawings and 
de.scribed below by way of examples of the invention. In the 
drawings: 

FIG 1 is a schematic view of an exhaust system according 
to one embodiment of the present invention illustrating its 
operational relationship with an internal combustion engine. 

FIG. 2 is a logic flow diagram describing one method of 
operating the exhaust gas purification system of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning now to FIG. 1, an exhaust gas purification system 
10 is illustrated in operational relationship with a lean burn 
internal combustion engine 12 such as a direct injected 
diesel engine for an automotive vehicle. The engine 12 has 
an exhaust manifold 14 to direct the exhaust gases from the 
engine 12 through the turbocharger 20, to the exhaust system 
10. 

The engine 12 includes sensors, indicated generafly at 16, 
for providing information about engine performance to the 
engine control unit 18. Such information includes the crank- 
shaft position, camshaft position, accelerator pedal position, 
air temperature, engine coolant temperature, etc. The infor- 
mation from the sensors 16 is used by the engine control unit 
18 to control operation of the engine 12. 

The engine 12 further includes a turbocharger 20 for 
increasing the intake air flow and pressure supplied to the 
cylinders of the engine 12. 

The exhaust gas purification system 10 is coupled to the 
turbocharger 20 by way of an exhaust flange 15. 

The engine control unit 18 is preferably a microprocessor- 
based controller which provides integrated control of the 
engine 12 and exhaust gas purification system 10, among 
other things. Of course, the present invention may be 
implemented in a separate controller depending upon the 
particular application. The engine control unit 18 includes a 
microprocessor 22 in communication with input ports and 
output ports and associated memory 24. The memory 24 
may include various types of volatile and non-volatile 
memory such as random access memory (RAM), read-only 
memory (ROM), and keep-alive memory (KAM). These 
functional descriptions of the various types of volatile and 
non-volatile storage may be implemented by a number of 
known physical devices including but not limited to 
EPROMs, EEPROMs, PROMs, flash memory, and the like. 

The exhaust gas purification system further includes a 
reservoir 30 which receives pressurized air from the com- 
pressor portion 31 of the engine turbocharger 20. A check 
valve 32 prevents the pressurized air from bleeding out of 
the reservoir 30 and back into the turbocharger 20. An air 
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valve 34 delivers pressurized air from (he reservoir 30 into 
a chamber 36. A passage 38 provides a conduit through 
which the pressurized air and reductant is introduced into the 
exhaust gas flow upstream of the LNC or SCR 40. 

Reductant is introduced into the chamber 36 by the 
injector 42 which is supplied from a reductant supply system 
44. A differential pressure transducer 46 senses the pressure 
differential between the chamber 36 and exhaust gas How 
48. This signal is supplied to the engine control unit 18 for 
use in activating the injector 42 and air valve 34. 

An upstream temperature sensor 50 and downstream 
temperature sensor 52 are also provided upstream and 
downstream of the LNC or SCR 40, and communicate 
temperature information to the engine control unit 18. 

The operation of the exhaust gas purification system will 
now be described with reference to FIGS. 1 and 2. Pressur- 
ized air from the turbocharger compressor 31 fills the 
reservoir 30. The check valve 32 keeps the pressurized air 
from bleeding out of the reservoir and back into the com- 
pressor 31. As shown in FIG. 2, the engine control unit 
.senses the upstream and downstream temperature of the 
catalyst 40 in step 100, by way of the upstream and 
downstream temperature .sensors 50, 52 respectively. The 
upstream and downstream temperature sensors 50, 52 aid 
the engine control unit 18 in determining whether or not 



Although the engine control unit 18 preferably maintains 
the pressure differential as measured by the pressure differ- 
ential transducer 46 constant, there are times when a lower 
pressure drop across the transducer 46 is preferred to con- 
serve the pressurized air supply in the reservoir 30. For 
example, air How into and out of the chamber 36 is desirable 
and neces.sary to ensure that the orifice at the tip of the 
conduit 38 does not plug with exhaust gas deposits. 
However, the turbocharger 20 does not necessarily deliver 
pressurized air to the reservoir 30 at all times. It is, therefore, 
necessary to meter the pressurized air from the reservoir as 
economically as possible. Accordingly, the engine control 
unit senses the exhaust gas temperature from the upstream 
temperature 50 as well as from engine control sensor 16 such 
as the engine speed, vehicle speed, and/or accelerator pedal 
position to infer whether the engine is at idle. While the 
engine is at idle or under conditions where reductant deliv- 
ery is not required such as cold start operation, the engine 
control unit 18 modulates the FWM signal to air valve 34 to 
maintain a lower pressure drop across the pressure trans- 
ducer 46 to conserve the pressurized air supply in the 
reservoir 30. 

From the foregoing, it will be seen that there has been 
brought to the art a new and improved exhaust gas purifi- 
cation system which has advantages over conventional 



reductant is to be injected into the exhaust gas flow. For 25 reductant delivery systems.^While the invemion^ has been 
example, there are times such engine cold start operation, or 
extended idle, when the catalyst 40 is relatively cool and 
outside its prime operating mode and does not require 
reductant injection because of the relatively higher concen- 
trations of unburned hydrocarbons in the exhaust gas flow. 
By known methods, the engine control unit 18 determines 
when it is necessary to add reductant to the exhaust gas flow 
at step 102. 

Although the preferred system includes temperature sen- 
sors 50, 52, alternative exhaust .system sensors may be used. 
For example, upstream and downstream NO sen.sors could 
be used to directly measure the catalyst conversion efli- 
cicncy. 

llie pressure differential across the chamber 36 and 
exhaust gas flow 48 is .sensed by the differential pressure 
transducer 46 at step 104, and the signal is supplied to the 
engine control unit 18. Based on the differential pressure 
measured in step 104, the engine control unit 18 determines 
the pressurized air flow rate required for consistent reductant 
metering and atomization in step 106. From this .step, the 
duty cycle of the air valve 34 is determined in step 108 as 
well as the duty cycle of the injector 42 at step 110. 
Preferably, the engine control unit varies a pulse width 
modulated (PWM) signal to the air valve 34 to keep the 
pressure differential as measured by the differential pressure 
transducer 46 constant. 

The engine control unit 18 then controls the air valve 34 
and injector 42 at step 112 in accordance with the duty 
cycles determined in steps 108 and 110. Upon activation. 



described in connection with one or more embodiments, it 
will be understood that the invention is not limited to those 
embodiments. On the contrary, the invention covers all 
alternatives, modifications, and equivalents as may be 
included within the spirit and scope of the appended claims. 
What is claimed is: 

1. An exhaust gas purification system for an engine 
equipped with a turbocharger and an exhaust pipe having a 
N()^. conversion cataly.st therein, the sy.stem comprising: 

a reservoir for storing pressurized air received from the 
turbocharger; 

a reductant injector in fluid communication with a reduc- 
tant supply, the reductant injector responsive to an 
injection signal for atomizing and injecting a quantity 
of reductant; and 

a mixing chamber in fluid communication with the res- 
ervoir and connected to the reductant injector, the 
mixing chamber in fluid communication with the 
exhaust pipe for introducing a quantity of air and 
reductant mixture from the reservoir and reductant 
injector into the exhaust gas flow upstream of the NO^. 
conversion catalyst. 

2. The exhaust gas purification system of claim 1 further 
comprising a valve connected between the reservoir and the 
mixing chamber, the valve responsive to a valve control 
signal for introducing a quantity of pressurized air from the 
reservoir into the mixing chamber. 

3. The exhaust gas purification system of claim 1 further 
ct>mprising upstream and downstream temperature sensors 



reductant is injected into the chamber 36 by the nozzle 42. 55 located upstream and downstream, respectively, of the NOx 



At the same time, pressurized air is introduced into the 
chamber 36 by the air valve 34. The atomized reductant and 
air mixture then travels along the conduit 38 and is intro- 
duced into the exhaust gas flow 48 upstream of the catalyst 
40. 

The upstream and downstream temperature sensors 50, 52 
also serve the additional function of error detection in the 
exhaust gas purification system 10. For example, the tem- 
perature sensors 50 and 52 can monitor the temperature rise 
due to exothermic catalyst reactions and signal malfunctions 
in the air valve 34, injector 42, or the differential pressure 
traasducer 46. 



conversion catalyst for monitoring the temperature differ- 
ential across the NO^. conversion catalyst. 

4. ^rhc cxhau.st gas purification system of claim 1 down- 
stream NO .sensors located upstream and downstream, 

60 respectively, of the NO^. conversion catalyst for determining 
the conversion efiBciency of the catalyst. 

5. The exhaust gas purification system of claim 2 further 
comprising a differential pressure transducer positioned 
between the mixing chamber and the exhaust pipe for 

65 measuring the pressure differential across the mixing cham- 
ber and exhaust pipe upstream of the NOx conversion 
catalvst. 
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6. The exhaust gas purification system of claim 5 further 
comprising an engine control unit including a microproces- 
sor and associated memory, the engine control unit adapted 
to receive as an input the pressure differential signal from the 
differential pressure transducer and output the valve control 5 
signal to maintain the pressure difl'erential across the mixing 
chamber and exhaust pipe upstream of the NOx conversion 
catalyst substantially at a desired value. 

7. The exhaust gas purification system of claim 6 further 
comprising upstream and downstream temperature sensors JO 
located upstream and downstream, respectively, of the NOx 
conversion catalyst, the engine control unit being adapted to 
receive as inputs the upstream and downstream temperature 
signal from the upstream and downstream temperature 
sensors, respectively, and output the valve control signal and i5 
reduclant injection signal to achieve a desired level of NO^. 
conversion in the NO,, conversion catalyst. 

8. An exhaust gas purification system for an engine 
equipped with a turbochargcr and an cxhau.st pipe having a 
catalyst therein, the system comprising: 20 

an engine control unit; 

a reservoir for storing pressurized air received from the 
turbocharger; 

a valve in fluid communication with the reservoir and 
responsive to a valve control signal for delivering a 
quantity of pressurized air from the reservoir; 

a reductant injector in tluid communication with a reduc- 
tant supply and responsive to an injection signal for 
atomizing and injecting a quantity of reductant; and 3q 

a mixing chamber in fluid communication with the valve 
and connected to the reductant injector, the mixing 
chamber including an elongated conduit in fluid com- 
munication with the exhaust pipe for introducing a 
quantity of air and reductant mixture from the mixing 35 
chamber into the exhaust gas flow upstream of the 
catalyst; 

the engine control unit including logic adapted to output 
the valve control signal and reductant injection signal 
to achieve a desired level of catalyst efficiency. 

9. The exhaust gas purification system of claim 8 further 
comprising upstream and downstream temperature sensors 
located upstream and downstream, respectively, of the 
catalyst, the engine control unit being adapted to receive as 
inputs the upstream and downstream temperature signal 
from the upstream and downstream temperature sensors, 
respectively, and output the valve control signal and reduc- 
tant injection signal to achieve a desired level catalyst 
efficiency. 

10. The exhaust gas purification system of claim 8 further 
comprising a differential pressure Iraasducer positioned 
between the mixing chamber and the exhaust pipe for 
measuring the pressure differential across the mixing cham- 
ber and exhaust pipe upstream of the catalyst, the engine 
control unit adapted to receive as an input the pressure -''-^ 
difi'erential signal from the differential pre.ssure transducer 
and output the valve control signal to maintain the pressure 
differential acro.ss the mixing chamber and exhaust pipe 
upstream of the catalyst substantially at a desired value. 
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11. In an exhaust gas purification system for an engine 
equipped with a turbochargcr and an exhaust pipe having a 
catalyst therein, the system comprising a reservoir for stor- 
ing pressurized air received from the turbocharger, a valve 
in fluid communication with the reservoir and responsive to 
a valve control signal, a reductant injector in fluid commu- 
nication with a reductant supply and responsive to an 
injection signal, a mixing chamber in fluid communication 
with the valve and connected to the reductant injector, the 
mixing chamber in fluid communication with the exhaust 
pipe, a differential pressure transducer positioned between 
the mixing chamber and the exhaust pipe, and an upstream 
and downstream temperature seasor located upstream and 
downstream, respectively, of the catalyst, a method for 
increasing the efficiency of the catalyst comprising the steps 
of: 

determining a quantity of air to introduce into the mixing 

chamber from the reservoir; 
determining a quantity of reductant to be injected into the 

mixing chamber; 
outputting the valve control signal to activate the valve to 

deliver the desired quantity of pressurized air from the 

reservoir to the mixing chamber; and 
outputting the injection signal to activate the reductant 

injector to deliver the desired quantity of reductant to 

the mixing chamber, 
the quantity of air being such that the pressure within the 

mixing chamber is greater than pressure within the 

exhaust pipe upstream of the catalyst such that the 

air/reductant mixture is introduced into the exhaust 

pipe upstream of the catalyst to achieve a desired level 

of catalyst eflSciency. 

12. The method of claim 11 further including the step of 
receiving a differential pressure signal from the differential 
pressure transducer and outputting the valve control signal 
to maintain the pressure differential between the mixing 
chamber and exhaust pipe upstream of the catalyst at 
approximately a first value. 

13. The method of claim 12 fiirther including the step of 
receiving a differential pressure signal from the differential 
pressure transducer and determining whether the engine is 
operating in a cold running, and, if the engine is operating 
in cold running mode, outputting the valve control signal to 
maintain the pressure differential between the mixing cham- 
ber and exhaust pipe upstream of the catalyst at approxi- 
mately a .second value less than the first value. 

14. Tht method of claim 13 wherein the step of deter- 
mining whether the engine is operating in a cold running 
mode includes the step of monitoring the temperature dif- 
ferential between the upstream and downstream temperature 
sensors. 

15. The method of claim 13 wherein the step of deter- 
mining whether the engine is operating in a cold ninning 
mode includes the step of determining whether the engine is 
at idle. 

4( i(c 9ie >)c >^ 
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